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(54) Consolidating proppant and controlling fines in wells 

(57) Proppant particles coated with a tacky resin coating are suspended in a gelled liquid fracturing fluid and con- 
veyed into formations where the resin hardens to weakly consolidate the proppant particles so that fines will stick to 
the proppant packs. 
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Description 

rood] The present invention re,ates to a method o, consoling proppant in subterranean fraotures formed in wel.s 
and controiling the production of fines with P»d«ced flmds j*™^ ^ ^ ^ fMg 

[0 002] Hydrocarbon P^dng weils ^are 0 ^ s f ^ d ^\ hy ^nuid is pumped into a producing zone to be 
treatments, a viscous fractumg ^^J^^SSZ are formed in the zone. Particulate solids, e.g., graded 
fractured at a rate and pressure such that one or „,. are suspen ded in a portion of the f rac- 

sand, for propping the fractures, commonly refe rrrf to .n ^f"^^ the fracturing fluid „ brote n. That is, a 

the f ractures has heretofore been coated w«h l^^^SS^ coated proppant to deposited in 
idate the proppant particles in the zone, ^l^l^^^ herein. That Is. the last portion of the 
the fractures after a large quantity of uncoated ^^^JJ^, ls coated with the hardenable resin 
proppant deposited in each fracture, referred to In the art 1 „ broken and rever ts to a thin 

composftion. When the viscous f ractunng flu.d which .s in the fractures and the fractures close 

fluid as described above, the hardenable resm coated proppan, £*P»^ m ^ artcteswhere . 
onthep^ppantThepartiairyciosedfr^ures^ £J> ^ More been 

by the particles are forced into contact w*h nflB Z>* the consolidation of the resin coated 

thought that the hardening of **™°™^™^^^*e and tensi.e strength to prevent unconso.- 
proppant particles into a hard permeable ractures P wit h produced fluids. However, it has been found 

idated proppant and formation fines from flow ng out of **^™™* composmn coating thereon is carried into 
that as the fracturing fluid containing proppant •J^^JS.^L dep osited in the bottom of the fractures 
the fractures by the "non Scored proppant remains in the fractures 

adjacent to the well bore. Th,s u "^^^^ eoaM prop p an , enters the fractures at the end of the proppant 
adjacent to the well bore and when the hardenable res. coatee p PP hardenable resin coated 

deUrt. « ooes not displace the uncoated proppant at ^ 0 ^^^^ M ^ 9 ^ ot U^s 
proppant flows over the uncoated proppant. Th* resuK ^TC^fluSmrough the propped fractures, the 
adjacent to the we., bore. During ^"^J^J^^'ZS. back Jft the formation fluids, 

unconsolidated proppant at the bottom <>'. » h « ^" r ^ as ™ " detrimental in that it erodes metal goods, plugs 
The flow-back of the proppant and f .nes with the '^^"""'J'^Xr production equipment, 
piping and vessels and causes damage to 

10004] inhigh tem P eraturewe..s, ^^^^SSflnm flowing through the proppant packs. The 
packs in the fractures often become ^^Jf r !J^!" £ '^uced fluid conductivities of the proppant packs, 
presence of the flnes in the proppant ^^^^Mf^con^t^ forcoating proppant particles 
[0005] Another problem encountered ,n the useolpnor * resjn ^cent and the liquid hard- 

s that the hardenable resin composrt.on components,^ .e ^""'^ snelf )jv e S of the hardenable resin 
ening agent component, have before ^^^Z^^"^ the hardenabie resin 

jSrSS i — - improved me*o* ^^X^o^^SZ 
whereby the conso.idated permeable proppan ^Z^EESSSZ* i Further, there are needs for 

i.e. flash points above 1 25*F. con solidatinq proppant and controlling fines in fractures formed 

ST n - ^^i-^T^»T^=S= 

formed in a subterranean formation, which metnoo comp /. hardenable resin composition- 

5 into the subterranean formation to form said ^^T^S^£ZS hereby said hardenable resin 
coated proppant partic.es with said ractunng M ^T^^J^^IL.: said coated proppant par- 
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hardening agent component comprising a hardening agent, in amounts that form a liquid hardenable resin composition 
that remains tacky after hardening, and then coating said liquid hardenable resin composition onto dry proppant par- 
ticles; and (c) allowing said hardenable resin composition on said resin composition coated proppant particles to harden 
and weakly consolidate said proppant particles into one or more permeable proppant packs while remaining tacky so 
that fine solid formation particles carried to said permeable proppant packs by produced formation fluids stick to said 
permeable proppant packs. 

[0009J In the method of the invention, the liquid hardening agent can also include one or more of a silane coupling 
agent, a hydrolyzable ester for breaking gelled fracturing fluid films on the proppant particles, a surfactant for facilitating 
the coating of the resin on the proppant particles and for causing the hardenable resin to flow to the contact points 
between adjacent resin coated proppant particles, a liquid carrier fluid and/or a viscosifying agent for viscosifying the 
carrier fluid and dispersing the hardening agent when the hardening agent is a particulate solid. 
[001 0] The gelled liquid fracturing fluid is pumped into a subterranean zone to form one or more fractures therein 
and to place the hardenable resin composition coated proppant particles in the fractures. The liquid hardenable resin 
component is mixed with the liquid hardening agent component in amounts that form a liquid hardenable resin com- 
position that remains tacky after hardening into a weakly consolidated permeable mass. The resulting hardenable resin 
composition coated proppant particles are mixed with the fracturing fluid whereby the hardenable resin composition 
coated proppant particles are suspended in the fracturing fluid. When the hardenable resin composition coated prop- 
pant particles have been placed in the one or more fractures, the pumping of the fracturing fluid, the mixing of the liquid 
hardenable resin component with the liquid hardening agent component, the coating of the dry proppant particles with 
the hardenable resin composition and the mixing with and suspending of the resin composition coated proppant par- 
ticles in the fracturing fluid are terminated. The hardenable resin composition on the coated proppant particles is allowed 
to harden and to consolidate the proppant particles into one or more weakly consolidated permeable proppant packs 
while remaining tacky so that formation fines carried to the permeable proppant packs by produced formation fluids 
stick to the permeable proppant packs. 

[0011] The sticking of the formation fines to the tacky resin coated permeable proppant packs prevents the formation 
fines from flowing into and through the proppant packs and thereby prevents the conductivities of the proppant packs 
from being reduced. Also, the use of the high-temperature hardenable resin composition described in this invention 
allows the tacky resin to withstand high temperatures and prevents the deterioration of the proppant packs at temper- 
atures above about 300° F. In addition, the proppant packs prevent the flowback of proppant, the hardenable resin 
composition components have long shelf lives before being mixed and the solvent and carrier fluids have high flash 
points. to 

[0012] In accordance with the methods of the present invention, all of the proppant transported into the fractures is 
coated with a resin composition (preferably on-the-fly) and is suspended in the fracturing fluid as the fracturing fluid is 
pumped into the well bore and into the fractures. As a result, the resin coating on the proppant is fresh and when it 
hardens and consolidates the proppant, permeable proppant packs are formed in the fractures which prevent proppant 
flow-back. In addition, the hardenable resin composition components of this invention have long shelf lives, e.g., four 
months and longer. The components, i.e., the liquid hardenable resin component and the liquid hardening agent com- 
ponent are stored separately until they are mixed just prior to being coated onto proppant. The mixing of the components 
can be by batch mixing or the two components can be metered through a static mixer to obtain a homogeneous mixture 
before being coated on dry proppant particles while the proppant particles are conveyed in a sand screw. The amount 
of mixed liquid hardenable resin composition coated on the proppant ranges from about 0.1% to about 5% by weight 
of the proppant with about 3% being preferred. 

[001 3] As will be described further hereinbelow, in order to conserve the amount of hardening agent utilized for curing 
the hardenable resin which has been deposited on all of the proppant in the fractures, the volume ratio of liquid hard- 
ening agent component to liquid hardenable resin component utilized in accordance with this invention can be varied 
In a preferred technique, the volume ratio of the liquid hardening agent component to the liquid hardenable resin 
component is varied from an initial volume ratio at the beginning of the proppant suspended in the fracturing fluid to a 
lower volume ratio as the middle portion of the proppant is suspended in the fracturing fluid and then back to the initial 
volume ratio at the end portion of the proppant suspended in the fracturing fluid. This technique results in consolidated 
proppant packs in the fractures which have high strength at the forward ends of the packs, less strength at the middle 
portions of the packs and high strength at the end portions of the packs. The middle portions of the packs tend to be 
placed deeply in the fractures far away from the well bore. Since all of the proppant is consolidated, there is no uncon- 
solidated proppant remaining in the bottoms of the fractures and as a result proppant flow-back does not occur. 
[0014] In accordance with one improved method of this invention, dry proppant particles are coated with the hard- 
enable resin composition, preferably on-the-fly, the coated proppant particles are suspended in the fracturing fluid, 
preferably on-the-fly, and the resulting hardenable resin composition coated proppant particles are placed in one or 
more fractures formed in a subterranean zone. The method is basically comprised of the following steps. A liquid 
hardenable resin component is provided comprised of a hardenable resin and optionally, a solvent for the resin having 
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abiahftashpoint.Whenused.^^^ 

transferring. However, as will be ^9 agent component is provided comprised of a 

enable resin can be heated to reduce its ""^^"T^ a hydrolyzable ester for breaking gelled frac- 
hardening agent, and optionally, one or more ^^^SSSR coating °f the resin on the proppant particles 
turinq fluid films on the proppant particles a • J^JJSS adfacent resin coated proppant partc.es. 
and for causing the hardenable resin to flow {0 ™°^^^Z«*Lwv"» carrier fluid and dispersing 
a , iqu id carrier fluid having a high flash pent ^^StSmL the hardening agent is a particulate solid 
the hardening agent when the hardening ^^^^^sitying agent can be omitted. Also, when a liquid 
i, can be added separate* to the resm < ^^^^Sitton ?o the liquid hardenable resin component 
hardening agent is used, the viscos^.ng agent can b^o^eam ^ ^ m pfM ^ 

and the liquid hardening agent component. ^P^SlE^fcm,, one or more fractures therein and to place the 
gelled liquid fracturing fluid is pumped .nto a subterranean ^^^es are formed by the fracturing fluid, the 
?esin composition coated proppant particles ,n the fractu^ £J£»J^ component, preferably on-the-fly. in 
Zu hardenable resin component is rruxed «2jl^2!S5 after hardening. The hardenable resin 
amounts thai form a liquid hardenable resin ^l^^^^^ftomthesouieetl^.pi*^ 
cTmposnioniscontinuouslycoatedonthedry^ 

on-the-fly. to form hardenable resin '^^^SSS ^Sfy on-the-fly. whereby the hardenable resin 
proppant particles are continuously mixed with the MtaOums ™* P Y tne harde nable resin composition coated 
cornpos,iion coaled proppant particles are suspended herein. T^eafte ^ ^ ^ ^ gteps 

proppant particles are carried into "^SK^ KSd liquid fracturing fluid can include a viscosity 

b— coated proppant partcte8 are dep 

lowing siream so that the streams are combined and J h ' ,B *™ ■ component to form the hardenable 
mjxi ngof the liquid hardenable resin f^^JJ^SSli resin composition and the mixing of 
resin composition, the coating of the dry proppant :p «*VT^ are „ pre{erably accomplished on-the-fly. as 

by ba,ch mixin9 or partial bateh 

SS Asisa,sowe,,understood,when^ 

proppant particles are deposited in the fractures ^^^^^'JvZ** the proppant particles 
closed fractures apply pressure on the harden* J« « m "^^^.^hartenlnQ of the resin composition 
are forced into contact with each other while the ream ^f^Z^Ves into a tacky permeable pack having 

, under pressure helps bring about the consohda 

sufficient compressive strength to prevent "^^^ P u '2SoMa«ed formations, good consolidation of proppant 

. with produced fluids. In fracture treatments j^rned out m i nconso w ^ cemen , jntQ the un . 

is required in the perforations which extend from *»^*j£^SLd formation surrounding the well bore, 
consolidated formation as well as in the resin composition and is caused to 

o The proppant which is deposited in the perfo "^^J^JJ^nt and fractures contributes to the prevention of 
harden therein. The resulting consolidated ^^l^Mio the hardenable resin coated proppant in 
proppant flow-back. However, there . often ' ^^^KSSSU- «• *• hardenable feSin COated 

the fractures close to the well bore and ^^SSSSw* P««**» ca " * U ° m °T 

particles in the perforations, in add. tioMhe ha^ 

« other by films of the ge.led fracturing fluid an bemuse oHhe presen ^ ^ perf orations and UasA » rea 

do not sufficiently consolidate. As a result ^"^"^XTuncoLidated proppant and formation fines from 
often have less than sufficient compressive strength ^o prevent unc jncl J in the hardenable resin compo- 
f ,owing out of .he perforations and fractures. gld faring fluid film, on the particles, and a 

sition one or more hydrofyzable ^J^^^^S^i particles and for causing the hardenable 

are not limited to, organic resins such as bisphenol A ^^^^\^7y^ ethers and mixtures thereof. 
S9 resin, phenol-aldehyde resin, Juried in the liquid hardenat* 

component, preferably an amount of about 85%. 
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[0018] Examples of solvents having high flash points (above about 125°F) which can optionally be used for the 
hardenable resin in the liquid hardenable resin component include, but are not limited to, dipropylene glycol methyl 
ether, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyl eneglycol butyl ether, 
diethyleneglycol butyl ether, propylene carbonate, cflimonene and fatty acid methyl esters. Of these, dipropylene glycol 
5 methyl ether is preferred. The amount of the solvent utilized in the liquid hardenable resin component is in the range 
of from about 0% to about 30% by weight of the liquid hardenable resin component, preferably in an amount of about 
1 5%. 

[0019] Examples of the hardening agents which can be used in the liquid hardening agent component include, but 
are not limited to, amines, aromatic amines, polyamines, aliphatic amines, cyclo-aliphatic amines, amides, polyamides, 
10 diethyttaluenediamine 4,4'-diaminodiphenyl sulfone, 2-ethyl-4-rnethyl imidazole and 1 ,1 ,3-trichlorotrifluoroacetone. Of 
these, 4,4'-diaminodiphenyl sulfone is preferred. The hardening agent is included in the liquid hardening agent com- 
ponent in an amount in the range of from about 40% to about 60% by weight of the liquid hardening agent component, 
preferably in an amount of about 50%. 

[0020] Examples of silane coupling agents which can optionally be used in the liquid hardening agent component 

is include, but are not limited to, N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-glyddoxypropyltrimethoxysilane and 
n-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane. Of these, n-beta-(a/ninoethyl)-gamma-aminopropyltri- 
methoxysilane is preferred. When used, the silane coupling agent is Included in the liquid hardening agent component 
in an amount In the range of from about 0.1% to about 3% by weight of the liquid hardening agent component. 
[0021] Examples of hydrolyzable esters which can optionally be utilized in the liquid hardening agent component for 

20 facilitating the coating of the resin composition on the proppant particles and for breaking gelled fracturing fluid films 
thereon include, but are not limited to, a mixture of dimethylglutarate, dimethyladipate and dimethylsuccinate, sorbitol, 
catechol, dimethylthiolate, methyl salicylate, dimethyl salicylate, dimethylsuccinate and ter-butylhydroperoxide. Of 
these, a mixture of dimethylglutarate, dimethyladipate and dimethylsuccinate is preferred. When used, the ester or 
esters are present in the liquid hardening agent component in an amount in the range of from about 0.1% to about 3% 

25 by weight of the liquid hardening agent component, preferably in an amount of about 2%. 

[0022] The surfactants which can optionally be utilized in the liquid hardening agent component for facilitating the 
coating of the resin on the proppant particles and for causing the hardenable resin to flow to the contact points between 
adjacent resin coated proppant particles include, but are not limited to, an ethoxylated nonyl phenol phosphate ester, 
mixtures of one or more cationic surfactants and one or more non-ionic surfactants and an alkyl phosphonate surfactant. 

30 The mixtures of one or more cationic and nonionic surfactants are described in U.S. Patent No. 6,31 1 ,733 issued to 
Todd et al. on November 6, 2001 which is incorporated herein by reference thereto. Of the surfactants that can be 
used, a C 12 -C 2 2 alky' phosphonate surfactant is preferred. The surfactant or surfactants utilized are included in the 
liquid hardening agent component in an amount in the range of from about 2% to about 15% by weight of the liquid 
hardening agent component, preferably in an amount of about 10%. 

35 [0023] The liquid carrier fluid having a high flash point (above about 125°F) which can optionally be utilized in the 
liquid hardening agent component is selected from the group consisting of dipropylene glycol methyl ether, dipropylene 
glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyteneglycol butyl ether, diethyleneglycol 
butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. Of these, dipropylene glycol methyl ether is 
preferred. When used, the liquid carrier fluid is present in the liquid hardening agent component in an amount in the 

40 range of from about 20% to about 40% by weight of the liquid hardening agent component, preferably in an amount 
of about 30%. 

[0024] Examples of viscosifying agents that can optionally be utilized in the liquid hardening agent component, in- 
clude, but are not limited to hydroxypropyl cellulose and organophilic clays. Of these, organophilic clay is preferred. 
Organophilic clays are the reaction product of purified smectite clay (either hectorite or bentonite) and a quaternary 
« ammonium salt When used, the viscosifying agent is present in the liquid hardening agent component In an amount 
in the range of from about 0% to about 3% by weight of the liquid hardening agent component, preferably in an amount 
of about 1%. 

[0025] As mentioned above, the hardenable resin is present in the liquid hardenable resin component in an amount 
in the range of from about 70% to about 100% by weight of the liquid hardenable resin component and the hardening 

so agent is present in the liquid hardening agent component in an amount in the range of from about 40% to about 60% 
by weight of the liquid hardening agent. In order to form a liquid hardenable resin composition that weakly consolidates 
proppant particles and that is tacky after hardening, the liquid hardenable resin component and the liquid hardening 
agent component are mixed in a weight ratio of the liquid hardenable resin component to the liquid hardening agent 
in the range of from about 99:1 to about 90:10, more preferably in the amount at about 95:5 weight ratio. 

55 [0026] A variety of fracturing fluids can be utilized in accordance with the present invention including aqueous gels, 
emulsions and other fluids utilized for forming fractures in subterranean zones and carrying resin composition coated 
proppant particles into the fractures. The aqueous gels are generally comprised of water and one or more gelling 
agents. The emulsions can be comprised of two immiscible liquids such as an aqueous gelled liquid and a liquefied, 
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a gelling agent for gelling the water Sae^SoMhe or geTed and cross-linked 

thege.andfurfrer^ 

react w«h the other como onen* » ^-^jSSSTor .ore functional 
100281 A variety of ge.ling agent. «*- such powers 

groups such as ^^^^^^Zt^^ monosaccharide unite galactose, man- 
are polysacchandes and den ^ es wnc " ' ~ ducuronic acid or pyranosyl sulfate. Examples of natural hy- 
nose, glucoside, glucose, xylose arab.nose. f njctose^ W™™*™" ™ pa y rticu , ariy use f u | in accordance with 
dratablepo^meracontainingthefow 

the present invention include guar gum and derives *^^"^^^ 9 cM the ^ove mentioned 
su ch P ashydroxyethy.ce..u.ose t Hydra^ 

functional groups can also be utilized. Examples of *^^ y ""f'"^^ ne ^ ' lling agent use d is generally com- 

tne lilte * . , rti ii 70 H in accordance with the present invention are generally of a size such that 

[0031] The proppant particles utilized in a^ordan » witn ine p ™* produced from the subterra- 

lormation pari^ate solids which migr^e w* ^ 

nean zone. Various kinds o, proppant can b *^« ^«^^tl2 a size in the range of from about 2 to 

LThTs sTefe ^SSSSSJS ^a'ded sand having a particle size in the range of from 
about 400 mesh , US. Sieve Senes_ i ne p v vv ^ distribution ranges are one or more of 

SS -s°h tS. ^^SToSS mesh, depending on the particular size and distribution of formation 

solids to be screened out by J ° proppant and controlling fines in one or more 

[0032] A preferred improved method of this invention 9 P H £ a |iquid har denable resin component 

th9 ge.,ed ^ — the l,u,d hardening agent 

KES^™ W JUL resin ^^ZTJXT^T^ 

posiLproduced in step (0 ™?«SS££^^ SteP 
composfcion coated proppant particles; (h) mixmg the res n 

(g) wimmefracturingf.uidpump^^ 

are suspended therein; (.) term.nat.ng steps (e) (f), 9) h, res in composition on the resin compo- 

- that fine si formats partio.es carried to the permeate proppant packs 
[0033] Another preferred improved mem » r d hardenaD | e res in component com- 
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particles, a surfactant for facilitating the coating of the resin on the proppant particles and for causing the hardenable 
resin to flow to the contact points between adjacent resin coated proppant particles and a liquid carrier fluid; and (c) 
providing a source of dry proppant particles; (d) providing a gelled liquid fracturing fluid; (e) pumping the gelled liquid 
fracturing fluid into the subterranean formation to form the one or more fractures therein and to place proppant particles 

5 in the fractures; (f) mixing the liquid hardenable resin component with the liquid hardening agent component in amounts 
that form a liquid hardenable resin composition that remains tacky after hardening; (g) coating the liquid hardenable 
resin composition formed in step (0 onto dry proppant particles conveyed from the source thereof to form hardenable 
resin composition coated proppant particles; (h) mixing the hardenable resin composition coated proppant particles 
produced in step (g) with the fracturing fluid pumped in accordance with step (e) whereby the resin composition coated 

10 proppant particles are suspended therein; (i) terminating steps (e), (f), (g) and (h) when the resin composition coated 
proppant particles have been placed in the one or more fractures; and (j) allowing the hardenable resin composition 
on the resin composition coated proppant particles to harden and weakly consolidate the proppant particles into one 
or more permeable proppant packs while remaining tacky so that fine solid formation particles carried to the permeable 
proppant packs by produced formation fluids stick to the permeable proppant packs. 

is [0034] In order to further illustrate the methods of the present invention, the following examples are given. 

Example 1 

[0035] Resin mixtures were prepared using two separate formulations: 

20 

Formulation I - 99% of liquid hardenable resin and 1% of liquid hardening agent (by weight of resin mixture). 
Formulation II - 95% of liquid hardenable resin and 5% of liquid hardening agent (by weight of resin mixture). 

[0036] Each resin mixture was then dry coated onto 20/40-mesh bauxite proppant in the amount of 3% (by weight 
25 of proppant). The resin-treated proppant was then mixed with carboxymethylhydroxypropyl guar (CMHPG) based frac- 
turing fluid prior to cross-linking and stirring with a stirrer to simulate pumping for 1 hour at 1 75° F. The proppant slurry 
was then transferred and packed in a brass chamber without closure stress and then placed in an oven at 325°F for 
various time intervals. Observation of the materials at the end of each heated interval indicated that the resin coated 
on the proppant remained quite tacky and the proppant grains attached readily to one another, even after being exposed 
30 to 325° F temperature for various time periods (Table I). There was no consolidate for the proppant pack treated with 
99:1 resin mixture, even though the proppant grains remain very tacky. The proppant pack treated with 95:5 resin 
mixture became weakly consolidated, with unconfined compressive strengths less than 5 psi. However, the proppant 
grains remain very tacky. 



TABLE I 



Time at 
325° F 


99% Hardenable Resin & 1% Hardening Agent 


95% Hardenable Resin & 5% Hardening Agent 


1 day 
5 days 
14 days 


Tacky, unformabie 
Tacky, unformabie 
Tacky, unformabie 


Tacky, weakly consolidated 
Tacky, weakly consolidated 
Tacky, weakly consolidated 



Claims 

1 . A method of consolidating proppant and controlling fines in one or more fractures formed in a subterranean for- 
mation, which method comprises the steps of: (a) pumping a gelled liquid fracturing fluid into the subterranean 
formation to form said one or more fractures therein; (b) mixing hardenable resin composition-coated proppant 
particles with said fracturing fluid pumped in accordance with step (a) whereby said hardenable resin composition 
coated proppant particles are suspended therein and placed in said fractures; said coated proppant particles having 
been formed by mixing a liquid hardeable resin component comprising a hardenable resin, with a liquid hardening 
agent component comprising a hardening agent, in amounts that form a liquid hardenable resin composition that 
remains tacky after hardening, and then coating said liquid hardenable resin composition onto dry proppant par- 
ticles; and (c) allowing said hardenable resin composition on said resin composition coated proppant particles to 
harden and weakly consolidate said proppant particles into one or more permeable proppant packs while remaining 
tacky so that fine solid formation particles carried to said permeable proppant packs by produced formation fluids 
stick to said permeable proppant packs. 
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2. A method according to claim 1 , wherein said hardenable resin is present in said liquid hardenable resin component 
in an amount of from 70% to 1 00% by weight thereof. 

3. A method according to claim 1 or 2, wherein said hardening agent is present in said liquid hardening agent com- 
ponent in an amount of from 40% to 60% by weight thereof. 

4 A method according to claim 1 , 2 or 3, wherein said liquid hardenable resin component and said liquid hardening 
' agent component are mixed in a weight ratio of said liquid hardenable resin component to said liquid hardening 

agent component from 99:1 to 90:10. 

5 A method according to any of claims 1 to 4, wherein said hardenable resin in said liquid hardenable resin component 
' is an organic resin selected from bisphenol A-epichlorohydrin resin, polyepoxide resin, novolak resin, polyester 

resin, phenol-aldehyde resin, urea-aldehyde resin, furan resin, urethane resin and glycidyl ether, and any mixture 
of two or more thereof. 

6 A method according to any of claims 1 to 5, which further comprises a solvent for said resin in said liquid hardenable 
' resin component, which solvent is preferably selected from dipropylene glycol methyl ether, dipropylene glyco 

dimethyl ether, dimethyl formamide, dlethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol 
butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. 

7 A method according to any of claims 1 to 6, wherein said hardening agent in said liquid hardening agent component 
is selected from amines, aromatic amines, polyamines, aliphatic amines, cydo-aliphatic amines. amWes. polya- 
mides, diethyltoluenediamine 4.4'-diaminodiphenyl sulfone, 2-ethyl-4-methyl imidazole and 1,1 ,3-tnchlorotnfluor- 
oacetone. 

8 A method according to any of claims 1 to 7, wherein said liquid hardening agent component further comprises a 
silane coupling agent which is preferably N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-glycidoxypropyltn- 
methoxysilane or n-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane. 

9 A method according to any of claims 1 to 8. wherein said liquid hardening agent component further comprises a 
hydrolyzable ester for breaking gelled fracturing fluid films on said proppant particles, said ester preferably being 
a mixture of dimethylglutarate. dimethyladipate and dimethylsuccinate. sorbitol, catechol, dimethylthtolate, methyl 
salicylate, dimethyl salicylate, dimethyl succinate or ter-butylhydroperoxide. 

10 A method according to any of claims 1 to 9. wherein said liquid hardening agent component further comprises a 
' surfactant for facilitating the coating of said hardenable resin on said proppant particles and for causing said hard- 
enable resin to flow to the contact points between adjacent resin coated proppant particles, sa.d surfactant pref- 
erably being an ethoxylated nonyl phenol phosphate ester, or a mixture of one or more cationic surfactants and 
one or more non-ionic surfactants, or a C 12 -C 22 alkyl phosphonate surfactant. 

11 A method according to any of claims 1 to 1 0, wherein said liquid hardening agent component further comprises a 
' liquid carrier fluid selected from dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, dimethyl for- 
mamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, propylene carbon- 
ate, d'limonene and fatty acid methyl esters. 

12 A method according to any of claims 1 to 11, wherein said liquid hardening agent component further comprises a 
' viscosifying agent for viscosifying said carrier fluid and dispersing said hardening agent when said hardening agent 

is a particulate solid, said viscosifying agent preferably being an organophilic clay. 
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